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SPECIFICATION 

APPARATUS AND METHOD FOR MOLDING OF DECORATIVE MOLDED 

ARTICLE 

Technical Field 

The present invention relates to a foil-decorating injection molding 
apparatus and method for integrally bonding a decorative sheet carrying 
patterns or letters or the like to the surface of an injection molded resin 
article within a mold while simultaneously performing an injection molding, 
thereby obtaining a decorative molded article. 

Background Art 

Integrally bonding a decorative sheet to the surface of an injection 
molded resin article simultaneously with the injection molding thereof has 
conventionally been performed (see Patent Document 1, for example). Fig. 
8 shows a foil-decorating injection molding apparatus disclosed in Patent 
Document 1, and Fig. 9 shows a perspective view of a portion of the 
apparatus in the vicinity of a female mold. The foil-decorating injection 
molding apparatus 100 comprises the female mold 2 with a contour 
corresponding to a desired article to be obtained, and a male mold 20. The 
bottom of the female mold 2 is fixed to a movable platen 5 such that the 
female mold 2 can be moved towards or away from the male mold 20 by a 
fluid pressure cylinder ram 7. 

The female mold 2 is formed with a cavity 4 with a contour 
corresponding to the shape of the desired article to be obtained. In the 
cavity 4, there are bored vacuum suction holes 17 that open out to the cavity 
4 and which lead to an external vacuum pump via a vacuum suction 
passageway 14 bored in a bottom portion of the female mold 2 and via a 
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conduit 15. The female mold 2 is also fitted with a rectangular frame 
clamper 110 for pressing and fastening a decorative sheet S onto a parting 
surface 2a of the female mold 2. 

On the other hand, the male mold 20 is fixed to a fixed panel 25 in 
which a nozzle 28 of an injection molding machine is mounted. The male 
mold 20 is provided with a protruding portion (core) 21 at the center 
corresponding to the shape of the article. In the protruding portion 21, there 
is formed a runner 22 for injecting a molten resin into the cavity 4 of the 
female mold 2 via the nozzle 28 of the injection molding machine. 

Above the female mold 2, there are provided a reel 70, a guide roller 
74, and a pair of feed rollers 72 for winding and rewinding an elongated band 
of a decorative sheet RS that is wound in a roll. A transport chuck 130 is 
disposed between the feed roller 72 and the female mold 2 for feeding a 
decorative sheet S onto the parting line 2a of the female mold 2. On the 
lower side of the female mold 2, there is disposed a receiving chuck 50 for 
receiving an end Sa of the decorative sheet S that has been transported via the 
transport chuck 130. 

When performing an injection molding and foil decoration 
simultaneously using this apparatus 100, the elongated band of the decorative 
sheet RS wound in a roll is drawn out by the feed rollers 72. A decorative 
sheet S is then clamped by the transport chuck 130 near the end Sa of the 
sheet, as shown in Fig. 9. The transport chuck 130 is then transported 
vertically downward in a plane parallel to the parting surface 2a of the female 
mold 2, until the very tip of the end Sa of the decorative sheet S protrudes 
downward just a little beyond the lower end of the receiving chuck 50. 

Then, the end Sa of the decorative sheet S is grasped by the receiving 
chuck 50, and, as shown in Fig. 10, the transport chuck 130 is released, 
raised, and brought back to the initial standby position shown in Fig. 9. The 
decorative sheet S is then pressed and fastened onto the parting surface 2a of 
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the female mold 2 by the clamper 110. Thereafter, a heating panel 80 that 
has been withdrawn from the areas between the female and male molds is 
now brought closer to the clamper 110 until it is directly opposite thereto so 
that it can heat and soften the decorative sheet S, as shown in Fig. 11. 

A heated-wire type sheet cutter 90 is provided on the upper end of the 
heating panel 80 via an L-shaped support member 92 such that the cutter 90 
protrudes beyond the heating panel 80 and the clamper 110 towards the 
female mold 2. As the heating panel 80 is moved and brought into contact 
with the clamper 110, the decorative sheet S is cut in the direction of the 
width thereof by the sheet cutter 90, and a single-shot length of the 
decorative sheet S at its end can be cut off from the upstream portion of the 
sheet. The tip portion of the decorative sheet S from which the single-shot 
length has been cut off is later wound back to the position (see Fig. 12) where 
it is grasped by the transport chuck 130 in preparation for the next shot. 

Simultaneous with, or immediately after the decorative sheet S 
heating/softening step, the decorative sheet S is vacuum-sucked via the 
vacuum suction holes 17 formed in the female mold 2 so that the decorative 
sheet S is stretched in conformity with the cavity 4 of the female mold 2 in an 
airtight manner. Following this stretching step, the female mold 2 is moved 
towards the male mold 20 for mold clamping in a mold clamping step. This 
is followed by an injection molding step (see Fig. 12) in which an injection 
molding resin in a molten or in an uncured, liquid state is injected into the 
cavity 4 formed between the female mold 2 and the male mold 20 via the 
runner 22 in the male mold 20. A mold opening step is then conducted in 
which the female mold 2 and the male mold 20 are separated, followed by a 
removal step in which a molded article P to which the decorative sheet S is 
integrally bonded is removed from the female mold 2. 

The decorative sheet may employ either a laminate sheet or a transfer 
sheet, depending on the type of the desired product. In the case of using a 
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laminate sheet, the laminate sheet per se will have been foil-decorated by 
injection molding, resulting in the entire layers of the sheet being integrally 
bonded to the surface of the injection molded resin article and creating a 
pattern layer. On the other hand, when the decorative sheet is a transfer 
sheet, a support sheet is peeled from the pattern sheet that has been integrally 
bonded to the surface of the injection molded resin article, whereby only a 
transfer layer of the pattern layer, for example, is left behind on the injection 
molded resin article, thereby creating a pattern layer and completing the foil- 
decorating process. 

Instead of the receiving chuck 50 in the above-described apparatus 
100, a second clamper may be provided adjacent to the first clamper (see 
Patent Document 2, for example). Fig. 13 shows a major portion of the foil- 
decorating injection molding apparatus disclosed in Patent Document 2, 
where a second clamper 250 is provided beneath and adjacent the first 
clamper 210. In this apparatus, the decorative sheet S that has been fed onto 
a female mold 202 by a transport chuck 230 is grasped by the second clamper 
250 and, after the transport chuck 230 has been returned to the initial standby 
position as shown, the decorative sheet S is pressed and fastened onto the 
female mold 202 by the first clamper 210. 

Disclosure of the Invention 

In the above-described foil-decorating injection molding apparatuses 
disclosed in Patent Documents 1 and 2, after the decorative sheet S has been 
fed by the transport chuck 130 or 230, the decorative sheet S cannot be 
fastened by the clamper 110 or 210 until the transport chuck 130 or 230 is 
brought back to the initial standby position, resulting in a longer production 
time. Further, they required means for grasping the decorative sheet S, such 
as the receiving chuck 50 or the second clamper 250, until the transport 
chuck 130 or 230 is brought back to the initial standby position. 
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Furthermore, for the receiving chuck 50 to be able to grasp the 
decorative sheet S, the decorative sheet S must be drawn out more than is 
necessary for covering the cavity 4, resulting in a waste of the sheet. The 
extra length of the decorative sheet S that must be drawn out can be reduced 
somewhat by the structure in Patent Document 2 in which the second clamper 
250 is disposed adjacent the first clamper 210. However, in this case too, 
some waste of the sheet is inevitable, and this structure has the problem that 
the structure of the clampers as well as their drive mechanism is complex. 

The invention has been made with a view to solve the aforementioned 
problems of the prior art, and it is an object of the invention to provide a foil- 
decorating injection molding apparatus and method whereby, after a 
decorative sheet has been fed by a transport chuck, the sheet can be fastened 
by the clamper without having to wait until the chuck is brought back to the 
initial standby position, thereby reducing the time necessary for manufacture. 
It is another object of the invention to minimize the length of the decorative 
sheet that is fed for the production of a single decorative molded article so as 
to eliminate the waste of the decorative sheet. 

In order to achieve these objects, the invention provides a foil- 
decorating injection molding apparatus comprising at least a male mold, a 
female mold, a transport chuck for feeding a decorative sheet between the 
male mold and the female mold, and a clamper for pressing and fastening the 
sheet on a parting surface of the female mold, wherein: 

the transport chuck comprises two clamping devices by which both 
side edges of the decorative sheet can be clamped; and 

the clamper comprises a pushing frame that abuts on the parting 
surface of the female mold via the decorative sheet when the decorative sheet 
is pressed and fastened, and at least one connecting member connecting the 
pushing frame and means of driving the pushing frame, wherein: 

the clamper is formed in such a shape that, when the pushing frame is 
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in abutment with the parting surface of the female mold, there is established a 
space between the connecting member and the parting surface in which the 
clamping devices can pass through. 

The invention also provides a foil-decorating injection molding 
method that employs the aforementioned foil-decorating injection molding 
apparatus, the method comprising feeding the decorative sheet between the 
male mold and the female mold by moving the clamping devices of the 
transport chuck with the decorative sheet being clamped by the clamping 
devices, pressing and fastening the sheet onto the parting surface of the 
female mold by the clamper, releasing the grasping of the sheet by the 
clamping devices while maintaining the pressed state, and bringing the 
clamping devices back to their original position through the space between 
the clamper and the female mold. 

In accordance with the foil-decorating injection molding apparatus of 
the invention, even when the decorative sheet is being pressed by the clamper, 
a space can be established between the clamper and the female mold through 
which the clamping devices can pass. Thus, the transport chuck can be 
moved in front of the female mold with the decorative sheet being pressed 
and fastened by the clamper. Therefore, in accordance with the foil- 
decorating injection molding method of the invention, after the decorative 
sheet has been fed in front of the female mold by the transport chuck, the 
decorative sheet is pressed and fastened by the clamper and then the transport 
chuck can be brought back to its initial standby position. While the 
transport chuck is being brought back to the initial standby position, another 
step, such as that of heating the sheet, can be simultaneously performed, 
thereby reducing the manufacturing time. Further, such a method of feeding 
and fixing the decorative sheet eliminates the need for the receiving chuck or 
the like that is found in the conventional foil-decorating injection molding 
apparatuses, so that the apparatus can be simplified. This also eliminates 



6 



the need for unreeling the decorative sheet for an extra length up to the 
position of the grasping means, such as the conventional receiving chuck, 
thereby eliminating the waste in the decorative sheet. 

In a preferable embodiment, the transport chuck is movable in the 
direction perpendicular to the direction in which the male mold and the 
female mold move towards and away from each other, the position of the 
transport chuck is fixed with respect to the female mold in the 
aforementioned direction, and the decorative sheet is fed from a reel fixed to 
the female mold. In this embodiment, when the female mold is moved 
forward or backward with respect to the male die, the transport chuck and the 
reel also move along with the female mold and therefore the distance between 
the parting surface of the female mold and the decorative sheet can be 
maintained to be constant. Accordingly, the decorative sheet can be fed by 
the transport chuck even during the forward or backward movement of the 
female mold. As a result, when the female mold and the male mold are 
separated in a die separating step after a single molded article has been 
injection-molded using the apparatus of the invention, a new decorative sheet 
can be fed simultaneously, thereby further reducing the manufacturing time. 
The reel may be fixed to the female mold not only directly but also indirectly 
using an appropriate member. Normally, a mount or the like is installed on 
the movable platen to which the bottom of the female mold is fixed, and the 
transport chuck drive unit or the reel are fixedly mounted on the mount. 

As needed, a heating panel for heating and softening the decorative 
sheet may be fixed to the female mold, in addition to the aforementioned 
drive unit and the reel. The heating panel may be movably attached to the 
female mold via a suitable member. During injection molding, the heating 
panel is withdrawn outside the areas between the female and male molds, and 
it is moved in front of the parting surface of the female mold during the 
subsequent die opening step. By thus moving the heating panel 
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simultaneously during the die opening step, the manufacturing time can be 
further shortened. 

Brief Description of the Drawings 

Fig. 1 shows a cross section of an embodiment of the foil-decorating 
injection molding apparatus of the invention. 

Fig. 2 shows a perspective view of a portion of the apparatus shown 
in Fig. 1 in the vicinity of the female mold. 

Fig. 3 shows an enlarged view of a transport chuck of the apparatus 
shown in Fig. 1 . 

Fig. 4 shows a view of the apparatus shown in Fig. 1 for the 
explanation of a decorative sheet fixing step. 

Fig. 5 shows a view of the apparatus shown in Fig. 1 for the 
explanation of a decorative sheet heating step. 

Fig. 6 shows a perspective view of another embodiment of a clamper 
used in the foil-decorating injection molding apparatus shown in Fig. 1. 

Fig. 7 shows a perspective view of an example of how a reel and a 
drive unit are installed in the foil-decorating injection molding apparatus of 
the invention. 

Fig. 8 shows a cross section of a foil-decorating injection molding 
apparatus according to prior art. 

Fig. 9 shows a perspective view of the apparatus shown in Fig. 8 near 
the female mold. 

Fig. 10 shows a view of the apparatus shown in Fig. 8 for describing 
a transport chuck moving step. 

Fig. 11 shows a view of the apparatus shown in Fig. 8 for describing 
a heating and softening step. 

Fig. 12 shows a view of the apparatus shown in Fig. 8 for describing 
an injection molding step. 
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Fig. 13 shows a cross section of a major portion of another foil- 
decorating injection molding apparatus according to prior art. 

Best Mode for Carrying Out the Invention 

The invention will be hereafter described by way of embodiments 
thereof with reference made to the drawings. Fig. 1 shows an embodiment 
of the foil-decorating injection molding apparatus of the invention. The 
foil-decorating injection molding apparatus 1 is similar to the conventional 
apparatus 100 (Fig. 8) in many parts, such as the female mold and the male 
mold, and these common parts will be referenced by similar numerals and 
will not be described. 

Fig. 2 shows a perspective view of a portion of the apparatus 1 shown 
in Fig. 1 in the vicinity of the female mold. As will be readily seen by 
comparing with Fig. 9, the apparatus 1 is characterized in the structure of a 
clamper 10 and a transport chuck 30. In addition, the apparatus is not 
provided with a grasping means, such as the receiving chuck, that has been 
found in the conventional apparatuses. Although in the present embodiment 
the male mold 20 and the female mold 2 are disposed opposite each other 
horizontally and a decorative sheet S is transported between them from top to 
bottom, this is merely an example and the invention is not limited thereby. 
For example, the male mold and the female mold may be disposed opposite 
each other vertically, and the decorative sheet S may be transported between 
them horizontally. 

The transport chuck 30 in the present apparatus 1 consists of two 
clamping devices 31, 31 that grasp the left and right side edges of the 
decorative sheet S. These clamping devices 31,31 are each mounted on the 
tip of two transport rods 60, 60 with axes parallel to a parting surface 2a of 
the female mold 2. Each transport rod 60 is coupled with a drive means (not 
shown) so that they can be moved in a plane parallel to the parting surface 2a 



9 



along their axes, namely in the vertical direction. 

Fig. 3(a) shows an enlarged perspective view of one of the clamping 
device 31 of the transport chuck 30. The clamping device 31 consists of a 
fixed-side clamping piece 33 and a movable-side clamping piece 35 that are 
disposed opposite one another. These clamping pieces 33 and 35 are 
coupled by a clamping device opening/closing mechanism 40. The fixed- 
side clamping piece 33 is attached to the tip of the transport rod 60, while the 
movable-side clamping piece 35 can be moved by the clamping device 
opening/closing mechanism 40 relative to the fixed-side clamping piece 33. 

Fig. 3(b) shows a side view of the clamping device 31. The 
clamping device opening/closing mechanism 40 includes a guide support pin 
41 with a flange 41a that is fixed to the fixed-side clamping piece 33 and that 
is loosely inserted in the movable-side clamping piece 35 and a guide sleeve 
39. The clamping device opening/closing mechanism 40 also includes a coil 
spring 42 located in compression between the flange 41a of the guide support 
pin 41 and the movable-side clamping piece 35. It also includes an air 
cylinder 44 fixed to the fixed-side clamping piece 33 that can operate to 
move the movable-side clamping piece 35 via a piston rod 44a in a direction 
such that the movable-side clamping piece 35 can be moved away from the 
fixed-side clamping piece 33. The clamping device opening/closing 
mechanism 40 operates such that, when the air cylinder 44 is put in an 
inoperative state, the piston rod 44a is pushed into the cylinder 44 by the 
biasing force of the coil spring 42, resulting in a closed state in which the 
decorative sheet S is clamped by the fixed-side clamping piece 33 and the 
movable-side clamping piece 35. When the air cylinder 44 is put in an 
operating state, the piston rod 44a lifts the movable-side clamping piece 35 
against the biasing force of the coil spring 42, whereby the clamping of the 
decorative sheet S is released to achieve an open state. 

The clamper 10 consists of a rectangular pushing frame 11 that is 
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adapted to abut on the parting surface 2a of the female mold 2 via the 
decorative sheet S as it is pressed and fastened, and four connecting members 
12 by which the pushing frame 11 is connected to a drive means. Each of 
the connecting members 12 comprises four bridging portions 12a that extend 
from the four corners of the pushing frame 1 1 in parallel with the parting 
surface 2a of the female mold 2, and four connecting rods 12b that extend 
from the tip of each bridging portion 12a vertically towards the parting 
surface 2a of the female mold 2. Each connecting rod 12b is slidably 
inserted in a throughhole 8 provided in the female mold 2 near each corner 
thereof and is connected to a drive means (not shown), so that the pushing 
frame 11 can be moved forward and backward vertically with respect to the 
parting surface 2a of the female mold 2. 

The pushing frame 11 of the clamper 10 has a greater thickness than 
the bridging portions 12 in the direction of the parting surface 2a of the 
female mold 2. Thus, as shown in Fig. 4, when the decorative sheet S is 
pressed and fastened by the clamper 10, only the pushing frame 11 abuts on 
the female mold 2 via the decorative sheet S and a space is formed between 
each of the bridging portions 12 and the female mold 2. The measurements 
of each element of the clamper are determined such that each clamping 
device 31 of the transport chuck 30 can be passed through this space. 

Examples 

An example of a foil-decorating injection molding method utilizing 
the foil-decorating injection molding apparatus 1 of the above-described 
structure will be hereafter described. 

The decorative sheet RS of the elongated band shape wound in a roll 
is drawn out by the feed rollers 72, and the left and right side edges of a tip 
Sa of the decorative sheet S are clamped by the clamping devices 31, 31 of 
the transport chuck 30, as shown in Fig. 2. Then, the transport chuck 30 is 
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moved vertically downward between the parting surface 2a of the female 
mold 2 and the clamper 10 until the lower edge of the decorative sheet S 
reaches near the lower edge of the pushing frame 11 of the clamper 10. The 
decorative sheet S is then pressed and fastened by the clamper 10, a shown in 
Fig. 4. The decorative sheet S is pressed and fastened by the pushing frame 
11 of the clamper 10 at the peripheral edges of a cavity 4 above the parting 
surface 2a of the female mold 2. As a result, the space enclosed by the 
cavity 4 and the decorative sheet S is airtightly sealed. In this state, a space 
is formed between each of the bridging portions 12a of the clamper 10 and 
the parting surface 2a of the female mold 2, so that each of the clamping 
devices 31, 31 can be accommodated in the space formed between the two 
bridging portions 12a, 12a on the left and right located beneath the clamper 
10 and the female mold 2. 

Thereafter, the heating panel 80 that has up to now been withdrawn 
outside the areas between the female and male molds is moved to a position 
immediately opposite the clamper 10, as shown in Fig. 5. At the same time, 
the clamping devices 31,31 release the decorative sheet S and then rise back 
to their original position shown in Fig. 2. This is followed by the 
conventional steps, namely: the decorative sheet heating/softening step (see 
Fig. 11); the drawing step; the female/male mold clamping step; the injection 
molding step (see Fig. 12); the die opening step; and the mold-article 
removing step, thereby completing a decorative molded article. 

Fig. 6 shows another embodiment of the clamper that can be used in 
the above-described foil-decorating injection molding apparatus 1. A 
clamper 310 shown in Fig. 6 consists of a rectangular pushing frame 311 that 
abuts the parting surface 2a of the female mold 2 via the decorative sheet S 
when the decorative sheet S is pressed and fastened, and a left and a right 
connecting member 312 for connecting the pushing frame 311 and a drive 
means (not shown). Each of the connecting members 312 consists of: two 
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vertical plates 312a on either side of the pushing frame 311 that extend 
vertically away from the parting surface 2a of the female mold 2; four 
connecting rods 312c slidably inserted in the throughholes 8 provided in the 
female mold 2 near the four corners thereof; and two bridges 312b on either 
end connecting the vertical plates 312a and the connecting rods 312c in a 
plane parallel to the parting surface 2a of the female mold 2. In this 
structure, when the decorative sheet S is pressed and fastened by the clamper 
310, only the pushing frame 311 abuts the female mold 2 via the decorative 
sheet S, and between each bridge 312b and the female mold 2, there is formed 
a space in which the clamping device 31 of the transport chuck 30 can be 
passed. This clamper 310 may be used in the same process as that for the 
previously described clamper 10 to obtain a molded article. 

The drive unit for the transport chuck 30 and a reel 70 for the 
decorative sheet S may be fixed to the female mold 2 via suitable members, 
as shown in Fig. 7. In the illustrated example, a mount 9 is installed on top 
of the movable platen 5 to which the female mold 2 is fixed, and the drive 
units 61 and the reel 70 are mounted on the mount 9. At the lower edge of 
the drive units 61, the transport rods 60 with the clamping devices 31 
attached to the tip thereof extend downwards, allowing the clamping devices 
31 to be moved up and down in the space between the female mold 2 and the 
clamper 10. The feed roller 72 is attached to the upper portion of the drive 
unit 61, and the decorative sheet RS wound on the reel 70 can be unreeled via 
the feed roller 72 and grasped by the clamping devices 31. In this mode of 
installation, the clamping devices 31 can be moved up and down between the 
female mold 2 and the clamper 10 even while the movable platen 5 is moving. 
Thus, after one molded article has been injection-molded, a new decorative 
sheet S can be fed while the female mold 2 and the male mold 20 are being 
separated, thereby allowing production time to be further shortened. 

Various other embodiments of the foil-decorating injection molding 
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apparatus of the invention are possible. For example, a groove may be 
provided in the parting surface 2a of the female mold 2 along the transport 
path of the transport chuck 30 so that a part of the transport rods 60 and the 
transport chuck 30 travels within the groove. In this way, the decorative 
sheet S can be fed to a position closer to the parting surface 2a such that it 
can be more smoothly pressed and fastened by the clamper 10. As an 
alternative means of moving the transport chuck 30, instead of the transport 
rods 60, a guide rail may be provided along the transport path of the 
clamping devices 31 between the female mold 2 and the clamper 10 in 
advance, so that the clamping devices 31 can travel along this guide rail. In 
another example, the clamper 10 may be connected to the drive means outside 
the female mold 2, rather than through the inside of the female mold 2 as in 
the foregoing embodiment. 

Industrial Applicability 

In accordance with the foil-decorating injection molding apparatus of 
the invention, a plurality of operations are performed simultaneously so that 
production time can be shortened. Further, the need to unreel an extra 
length of the decorative sheet is eliminated, thereby allowing the sheet to be 
utilized efficiently. 
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